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INTRODUCTION 


D7ASJ: 


The ultimate measure of success in the Space R&T program is the incorporation of a technology into an 
operational mission. These charts describe technology products which OAST has helped support that (1) 
have been used in a space mission, (2) have been incorporated into the baseline design of a flight systein tn 
the development phase, or (3) have been picked up by a commercial or other non-NASA user. We hope that 
these examples will demonstrate the value of investment in technology. Pictured on each of the following 
charts are illustrations of the technology product, the mission or user which has incorporated the technology, 
and where appropriate, results from the mission itself. 

Future U.S. compete tiveness in the world economy will increasingly depend upon the speed and effectiveness 
with which new technologies and new, high quality products can be brought to maturity and the 
marketplace. A strong investment in advanced space research and technology, including focused programs 
directed at rapidly developed breadboards and demonstrations can make a significant contribution to 
national competetiveness across a wide range of critical technologies. Many of these technologies will also be 
applicable to private U.S. civil space users, will indirectly support future DOD space mission needs, and will 
have numerous spinoff uses in the private sector. In this way, all our future national space endeavors will 
be enhanced by an investment in NASA Space R&T, 

The evolution of a technology from proof-of-concept, through validation in successively more realistic 
environments, and eventually to development can be a complex and time-consuming process. In many of the 
examples selected, the technology efforts were completed a number of years ago and the time required to 
complete the development phase is evident. An objective of the NASA technology program is to facilitate 
this process and minimize the time required. 

We believe that involving the technology "users” as early as possible in this process is critical to achieving 
this goal. OAST has developed a strategic planning process which is focused on involving the user communi- 
ty at the critical phases of technology development. Concurrent participation by technologists and mission 
developers in the selection and maturation of technologies should lead to a level of understanding and a 
sense of ownership that will improve all aspects of technology development and transition. 


— TECHNOLOGY contributions to science spacecraft 



• Hubble - VLSI Data Processing 

• Astro - Startracker 


• UARS - 205 GHz Limb 
Sounder Technology 

• Shuttle Imaging Radar - 
SAR Technologies 


. TOPEX - Millimeter 

Accuracy Laser Ranging 



• Hubble - Battery Technology 

• Hubble - Image Restoration 
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SYNTHETIC APERTURE RADAR PROCESSOR 


Q7A'SJ : 


The Magellan spacecraft launched onboard the Space Shuttle in April of 1989 uses a radar-based high resolution 
imaging* technique to carry out its mapping of the Venus surface. Many real aperture radar echo* are computer 
processed to create a large synthetic aperture image through a Synthetic Aperture Radar (SAR) technique. 
MulUpieswathB are combined to produce image mosaics. The creation of synthetic aperture images must account 
for the relative geometry and movement between the target and spacecraft radar and for mulbple imrface ‘ "“P! of 
different amplitudes and phases. For Magellan an advanced SAR technique is responsible for the highly detailed, 
nearly seamless photographs of the surface of Venus - but it is computationally intensive. 

The Advanced Digital SAR Processor (ADSP) technology developed by OAST has been adapted and wedfor 
the ground processing of the radar data ratunied by Magellan. This processor integrates algorithm elements 
into a programmable pipeline Architecture with greet speed. 

This ADSP provides a peak compute rate of 6 gigaflops, more than that of a Cray 2 ^puter The signmrance is that 
this computerate permits processing four times faster than real-time acquisition rates. It is the Input/Output 
computer system that limits the actual processing rate to approximately real time. 

Work was initiated in 1980 to provide an engineering tachnology demons tration of (ADSP) 

missions. In 1983 it was decided that the ADSP technology development would be ^ a K e| l an 

n vn t i In 1985 the Magellan Project dedded to modify and use the engineering model of ADSP as the prime mission 

operations processor for SAR data. 

OAST completed work on this technology with the delivery of the ADSP engineering model to the Magellwi P«j«rt in 
1986. Magellan demonstrated the success of the ADSP technology which now provides a a fleinble architecture that 
can serve many missions. For more information please contact: Paul Smith, NASA Headquarters, Code RC, 
Washington, D.C. 20546. Phone: (202) 453-2753. 


— SYNTHETIC APERTURE RADAR PROCESSOR 



Venus Surface Characteristics 
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BATTERY TECHNOLOGY (HUBBLE SPACE TELESCOPE) 




The nickel-hydrogen battery design has resulted in the most advanced, long-life, rechargeable battery 
technology developed over the last 60 years. The dramatic advances in capabilities of this technology are 
opening a whole range of possibilities for both NASA and the commercial space sector. Diving periods of 
darkness, rechargeable batteries supply the power needs of the spacecraft. Recently, breakthroughs have 
been achieved in the low-Earth-orbit (LEO) cycle life of individual pressure vessel nickel-hydrogen battery 
cells The cycle life was unproved by more than a factor of 10 over state-of-the art cells. Ground-test cells 
containing 26 percent potassium hydroxide (KOH) electrolyte were cycled for 40,000 stressful ^accelerated 
LEO cycles at a deep depth of discharge (80%). Cells containing 31% KOH had achieved only 3600 cycles. 


The signifiranM 0 f this breakthrough is that long term LEO missions can now rely on a greater than 5 year 
life span for advslhced nickel hydrogen batteries. This advance will result in a significant reduction in life 
cycle cost In addition, nickel-hydrogen batteries provide the capability of operating at a deep depth of 
discharge which could enable reductions in the mass devoted to batteries and increases in payload capability. 


The dramatic benefits of this technology led directly to the Office of Space Science Application s (OSSA) 
decision to utilize nickel hydrogen batteries for the Hubble Space Telescope. Technologists at the Lewis 
Research Center participated in the review task team to assess battery options for Hubble mid provided 
technology support to OSSA on the use of nickel hydrogen batteries for the actual mission. The batteries are 
performing very well in their first nonexperimental use in LEO. In addition, the Earth Observing System 
hag chosen to use OASTs nickel-hydrogen battery technology. Technologists at Lewis are working dosely 
with OSSA to meet this mission's power needs. This program is based on a close working relationship with 
not only NASA mission offices, but also the military, and industry. The Air Force is using Lewis s advanced 
nickel hydrogen cell technology for military flights. The aerospace industry, meanwhile, has adopted a 
scaled-up version of the Lewis design which is currently undergoing cell testing at Loral Corporation. 


As we look to the future, nickel-hydrogen is fast replacing nickel-cadmium as the standard satellite storage 
system. It is projected that nickel-hydrogen will be the major rechargeable battery system for future 
aerospace applications. The ongoing technology development efforts at Lewis are aimed at increasing the 
life, power density, and reliability and at reduring the mass and lowering the cost of the nickel-hydrogen 
battery system. 


Sponsored under the auspices of OAST, work was initiated on nickel-hydrogen battery technology at Lewis in 
the early 1980's. For additional information, contact: Gary Bennett, NASA Headquarters, Code RP, 
Washington, D.C., 20546. Phone: (202) 453-2856. 


BATTERY TECHNOLOGY 
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ASTROS STAR TRACKER 
(CCD SENSOR TECHNOLOGY) 


OTA'SZ 


Star sensors are used to determine a spacecraft’s attitude relative to a star or a group of stars, and to point 
science instruments at selected targets. Star trackers are a speaal class of star senBors that image an area of 
the sky to provide precision Btar position data relative to a fixed line of sight. Technology y 
was critical to the development of the Star Tradcer used on the recent Astro- 1 mission on STS-35 in 
December 1990 and was also a crucial element in Astro* l*a successful outcome. 

As initially conceived, the Astro Star Tracker (AST) was designed to assist Astro’s Image Motion 
Compensation System in stabilising the pointing of the Ultraviolet Imaging Telescopeand ^Wisconsin 
UltraPhoto-Polarimeter Experiment The AST acquired the three brightest stars in ita field of view and 
then provided star position information to the EMCS for in-flight correction of gyro 

on Charge Coupled Device (CCD) sensor technology, the AST tracks objects over b 10,000:1 brightness range 
and allows very accurate and stable position determination at any point within their field of view. 

The AST took on a vital role early in the mission when problems with the prime star trackers prevented 
Astro’s automated Instrument Pointing System from locking onto the operational guide stars. AST then 
became the primary means of target acquisition. The Shuttle crew wm able to compare star positions 
acquired with the AST with on-board small field of view star maps and manually point the instruments to 
the science target with a joystick. Problems for the mission were compounded when the Shuttle s second 
onboard Digital Display Unit failed. AST star positions could then no longer be displayed to the^w_ 
Ground support crews were able to resolve this glitch by identifying each star fidd acquired by the AST 'm 
real-time and issuing instructions to the astronauts who then manually repointed the telescopes. The MSI- C 
mission manager stated that this capability “saved the mission. 

Astro Star Tracker technology and expertise will provide the base for future space science missions suchas 
the CRAF/CASSINI target and star tracker function, and the the Space Infrared Telescope Facility (SIRTF) 
fine guidance sensor. 

OAST sponsored the initial critical phases of CCD based star tracker research at JPL beginning in 1973. 
Several years of research effort achieved technology transfer to flight hardware development in the 1980 s 
For more information, please contact: Fred Hadaegh, Guidance and Control Section 343, Mail Stop 198-326, 
Jet Propulsion Laboratory, Pasadena, CA 91109. Phone (818) 354*8777. 


STARTRACKER 
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IMAGE RESTORATION FOR 
THE HUBBLE SPACE TELESCOPE 


Imagine seeing the universe as if it were just outside your window. Clouds and lightning form asaetorrn 
brews on Jupiter An icy moon revolves nearby. In the distance, you see bsllsona of atars . P 

“ r * /ffim niT™ us a valuable window to the universe. Researchers at NASA are working hard to 

resolution. This technology compensates for the well-known flaw in the HST mi 

Because it is considered to be somewhat of a Rosetta Stone for many astrophymoal presses, the R Aquani 

Tl» benefit, of thie technoloEJ«« ^ NA^A°will 
sciences. 

930, Bldg. 28, Greenbelt, MD. 20771. Phone - (301) 286*7591. 


HUBBLE SPACE TELESCOPE IMAGE RESTORATION TECHNOLOGY 
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UNIVERSITY SPACE ENGINEERING RESEARCH CENTER 

VLSI CHIP DESIGN 


Students at the University of Idaho Space Engineering Research Center for VLSI design are designing 
electronic grateras which have thousands of transistors miniaturized onto a computer chip smaller than a 
pSuuAp TWs Sique. known as Very Large Scale Integration (Vlill). is making it possible for NASA 
toenhance communications and improve information storage capabilities for a number 
of its current and future missions. 

the ground. The computer chip is designed to detect and correct these errors. 


sdentiit. on Earth c an"^vZ^ !n addition^. 

™mnuS chin wwetonts the first use in a NASA mission of a product from the University Space 
Engineering Research Center program. This program is creating the next generation of space engineers y 
^rfcuTinvoW studenU in Lgtoeering research tied to NASA mission needs. The Umvers.ty's ongoing 
program is investigating future use of this chip in space, as a part of a Hubble flight data system 
refurbishment. 

8tudents are working on other projects as well, including techniques to compress large amounts of data being 
transmitted from space. As an example, it is estimated that the Earth Observing System will transmit back 
to Earth on the order of one large library’s worth of information every day. Such large 
saturate the communication channels of future space satellites. Students are meeting ^••jhallenge by 
developing codes which compress or condense the data mid images collected by spacecraft ^nsore. Upon 
completion, this project will help meet NASA’s need for high speed information processing and transmission. 

The Center for VLSI design was established in 1988 as one of nine universities in 

Research Center program. For more information, please contact: Gordon Johnston, NASA Headquarters. 
Code RS, Washington. D.C. 20646. (202) 453-2765. 


HUBBLE SPACE TELESCOPE GROUND DATA PROCESSING 
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THE SPACECRAFT HEALTH AUTOMATED REASONING 
PROTOTYPE (SHARP) 


O’A’sm 


Voyager’s near encounter of Neptune in August 1989 gave NASA the TwnnH 

Rnd Artificial intelligence technologies to the process of monitoring spacecraft operations. The new expert 
sy stem cal fed "tus Spacecraft Health Automated Reasoning Prototype (SHARP) p^v.destee^mmun.caUons 
personnel with an environment that allows them to have a more complete imderstanding i afhow the 
telecommunications link is fiinctioning between a spacecraft and the Deep Space Network Tracking Stations. 


S* served as a single access point for all data. If the real-time data fails to correlate to the expected 
behavior SHARP informs the operator responsible for the condition being momtored that an alarm rondiUo 
exists. It also lists the potentialcausee for this anomaly and suggests what actions to take in respo 

The benefits of this technology were underscored prior to Voyager’s Neptune encounter SHWtP ^helped 1 find 
Uie* «mse of a science data eSor which appeared in the telemetry from the ^acecraft. After SH ARP detected 
the nroblem its graphic displays were used by telecommunications personnel to identify the problem and 
dmracterize' its Solitude In a matter of hours, SHARP was able to assist operators m i*«l« 
anomalous condi tionwhich could have easily escalated to a more wnoiwpr^Wi dunng the encounter itself, 
and could have taken human operators days or weeks to isolate without SHARP. 

SHARP has validated the use of Al-based systems for autonomous monitoring and diagnosis of unmanned 
sna^ft^tems NASA plans in the future to expand SHARP functionality to application in the Deep 
Swce Network Network Operations Control Center at JPL, with an operational system planned for later in 
1991. In addition, SHARP capabilities have been expanded to the Magellan mission currently mapping the 
planet VenuB. 

The SHARP technology was developed over a year and a half period between 1987 and 1989 under the 
auspices of the OAST Civil Space Technology Initiative. Melvl " 

Montemerlo, NASA Headquarters, Code RC, Washington, D.C. 20546. Phone - 202-453-2744. 


SPACECRAFT HEALTH MONITORING 
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CHARGE-COUPLED DEVICE (CCD) IMAGING ARRAYS FOR GALILEO AND HUBBLE 


In recent years a revolution in both home and studio video recording has been made ^sslble : by h e 
Eulkv and power-hungry vacuum tubes previously used for television cameras. Earlier space 

ISMS®' 

ScnuTS^d by Galileo (1989 launch) and the Hubble Space Telescope (1990 launch). 

In 1982. OAST substantially Increased Us funding and combed JAMBA %*SF 

IHMSBi 

Still Camera. 

OAST is not currently funding further developments of CCD technology. As the accompllshments of 
the current CCD missions continue to accrue, interest in the scientific community Is growing for the 

generation of very large format CCD arrays. 1U. Is an area of possible 

future investment by NASA and OAST. 

For more Information contact: Gordon Johnston. NASA Headquarters. Code RS. Washington. DC 
20546. Phone - (202) 453-2733. 
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ANTENNA MIXER, AND ELECTRONICS TECHNOLOGIES FOR 
THE UPPER ATMOSPHERE RESEARCH SATELLITE (UARS) 




AHMght. whether X-rays, visible light, or radio wavesispart 
layer. 

y?,^ass3^^^ 

gS5gS= gf 

r f ssr&“ 

measurement of ozone has been demonstrate . 

r UA f 

Ld°the differences (which are at much lower frequenclM, in toe^^ 

Johnston. NASA Headquarters. Code RS. Washington. DC 20546. Phone - (202) 453 2733. 


— SUBMILLIMETER SENSING TECHNOLOGIES 
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LASER RANGING TECHNOLOGIES 




Satellite laser ranging (SLR) has been used for almost two decades in the study of a variety of geophysical 
phenomena induing global tectonic plate motion, regional crustal defomiabon near plate boundaries, the 
Earth'TgTa vi ty fi el d fand the orientation of ite polar axis and its rate of spin The Bubcentimeter preas.onof 
this techniaue is now attracting the attention of a new community of scientists, notably those interested in 

will provide an ©BBential link to two new oceanographic satellite®, ERS-1 and TOPEX/Poseidon, which rang 
to sea and ice surfaces using microwave altimeters. 

in iQftt NASA was the first organiMtion to successfully demonstrate laser ranging to satellites and has 
SnSJ^p™ rt ^tLir devdo^nt to the present. OAST has developed la™., ™l" 1 **«*"■; £ d F li B ht 
timing druite which have become a key part of the worldwide network managed by the Goddard Space Flight 

Center In satellite laser ranging, ground based stations transmit short intense laser pulses to 

retroreflector equipped satellite, such as LAGEOS. The round trip time of flight of the iawr pulseia 
predsely meaauredand corrected for atmospheric delay to obtain a geometric ran^ ^nging to these 
retrorenectere with a global network of laser stations allows NASA to determine both the precise orbit of a 
LudlUe and the station positions. By monitoring these stations over time, researchers icon ^“ce the 
motion of the Earth-bas^l observing sites due ta plate tectanicsorother 

Bystem is being used in precise orbit determination support of the ERS-1 and TOPEX/Poseidon missions to 
measure the topography of the Earth’s oceans and ice sheets. 

As we look to the future, OAST is developing advanced electro-optics and laser technolopes for spaceborne 

laser ranging and altimetry earth edence applications This will invert the ^ “ms techJol^v 

r angin g hardware being placed onboard a satellite Bnd passive targets placed on the ground. This technology 
laa candidate to fly on the Earth Observing System B series platforms and will help measure geodynamic, 
ice sheet, cloud, and geological processes and features. 

For more information, contact Marty Sokoloski, NASA Headquarters, Code RS. Washington. D.C. 20546. 
Phone- (202) 453-2273. 



TRAVELLING WAVE TUBE AMPLIFIERS 
FOR DEEP SPACE COMMUNICATIONS 




In the near future, NASA will launch a spacecraft to venture to the outer solar system and study the nch 
diversity of the Saturnian system. Known as Cassini, this journey will survey Saturn's rings and satellites 
and the surface of and atmosphere of its principal moon, Titan. These volatile-rich objects preserve unique 
records of different key phases in the formation and evolution of the solar system. Indeed, we think that 
every large object in the universe was originally formed by gas and dust coming together eventually giving 
rise to planets and stars and whole galaxies. By studying Saturn’s rings, we will be able to see this process 
in operation. 

OAST is developing technologies for a high-efficiency low-power travelling- wave tube amplifier (TWTA) to 
transmit all of Cassini’s data back to earth. This technology has been baselined to fly on the Cassini flight. 
The required radio frequency power output of the TWTA is 9.6 watte, while the input dc power from the 
spacecraft is limited to about 30 watte. To achieve this capability, more than doubling the efficiency or Ka 
Band TWTA’s now available at this power level, several novel technologies are incorporated into the tube. 
One contribution, a slow wave circuit, has made it possible to sharply increase the output power and 
efficiency of the communications system. Other technologies have made it possible to recover energy being 
used for date transmissions so that it can be reused for future communication of mission date. These 
advances will enable Cassini to send greater volumes of information back to earth with low distortion and 
less energy than is currently possible. Mission planners will thus be able to acquire greater science return 
from Cassini. 


The potential commercial applications of this technology include intersatellite communication links and other 
low power uses. Most of the technology advances to be incorporated into the TWTA can also be scaled for 
higher-power uses including uplinks to satellites. Significant increases in efficiency with attendant reduced 
energy usage can be expected with these applications. As currently planned, the OAST program will 
conclude with the delivery of four fully-functional Engineering Model TWTs along with one breadboard 
model electronic power conditioner that will be integrated and tested with one of the TWTs. 


Initiated in early 1990, this technology is being developed under the auspices of the OAST Research and 
Technology Base program at the Lewis Research Center. Over the past twenty years, Lewis has pioneered 
advances in TWT technologies that have become the industry standard for civil and military spacecraft, 
communications. For additional information, contact: Arthur Curren, Lewis Research Center, Cleveland, 
Ohio. Phone (216) 433-3519. 


DEEP SPACE COMMUNICATIONS TECHNOLOGY 
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TECHNOLOGY CONTRIBUTIONS TO TRANSPORTATION 



Structural Analysis lor Solid Rocket Motor (SRM) Redesigi 
Vacuum Plasma Spray Coatings & Chambers 
Health Monitoring (Test Facilities) 

Thermal Protection System 
Bearing Cooling Analysis 
Real Time Data System 
Orblter Experiments 
Damping Seals 
Modified Tires 



• Advanced Primary Battery 
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advanced primary battery for transportation 

SYSTEMS 


Jet Propulsion Laboratory (JPL) to meet the needs of these missions. 

Centaur Launch Vehide. 

This effort involve., the transfer of the OAST 

lithium-thionyl chloride batteries. 


demonstration of this technology verifies the capabUity of Ais el^ro^emi^ ener^ Btorage devic^to 




For additional information, please contact, Gary Bennett, NASA Headquarters. Code RP. Washmgton. D C., 
20546. Phone: (202) 453-2856. 
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DAMPING SEALS FOR THE SPACE SHUTTLE MAIN ENGINE (SSME) 


TurhomimDS for rocket engines are very high power rotating machines that move large quantities of liquid propellants in short 
under certain operating conditions. 

mmmmmmmrn. 

the instability problem by increasing the subsynchronous whirl margin. 

«Utes X sha°ft and drives Z pumps is mounted on the 

It was determined by analysis and subsequent testing that if the standard labyrinth seals used in the small h, ^.P r « sa “” . ; 

numn were replaced^th damping seals, a signicant increase in the subsynchronous whirl margin would be realized. Damp t, 
Lai designs based on the technology development results were incorporated in the small preburner pump and indeed, s' g™ car 
,r P revSuT in I !he subsjLchronoue whirl margin were achieved, thus significantly enhancing engine reliability and safety 

Damning seal technology is being continued with the objective of achieving even better damping characteristics and lower 
EEEuIEJS < Sstrata/in earlier designs. Improved designs will be available "oftlo 
engines The earlier damping seal technology was developed over a four year period, from 1983 through 1986, as part oi tiie 
OAST Earth-to-Orbit Propulsion Technology Program The work is continuing under Urn same ^ program ^ich js now a key 
element of the OAST Civil Space Initiative (CSTl). For additional information, contact William J. D. Eschei , NASA 
Headquarters, Code RP, Washingtion, D.C. 20546. Phone: 202-453-2858. 


DAMPING SEALS TECHNOLOGY 



; 1 
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Space Shuttle 


Damping Seals 
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VACUUM PLASMA SPRAY COATING 
SPACE SHUTTLE MAIN ENGINE FUEL VALVE HOUSING 


0743 . 


Developing processes for s-ces^^ * C* 

“ m _ P °. ne ^. h „!! WSSri such o^ses has been the need for and benefits 


turbine b,adeB in *“• n,anner con8i8UnUy flaked 0,T 

due to inadequate bonding. 

•n» MW fvmm Fta- f 7 to 

producing a tough coating in a smgle “cKd For example turbine blades coated in this 
in the coating. Excellent bond properties h™ > now v ^"^ V , e ^ 0 ^ te 8 U„g with essentially no coating 

toSiSs 

js-a^sjsasB^^ 

n. f..u» * --torT " ■■TiJ VS &fc’Sii? sssssssxslr *“"* 

rocket engines, NASA could realize consider u itimatelv increased flight safety is envisioned because of 

reproducibility. In addition^ hqjher ml.ab.1 l.ty ^^^^SSS%mnJbaui n coatings to turbine 
higher quality products wyto 'welds. ^ ^biHty of greatly extending 

ttSSSSSS^A ^ *S fabriSon of oxide-free, structurally sound crucibles and test tube-l.ke 
containers for chemical process applications. 

This technology was developed over a ten year period starting in the early 

Earth-to-Orbit Propulsion Technolop Pr “^^^’fwinraYj k D Ser NASA Headquarters^ Code RP, 
Initiative (CSTI). For additional information, contact William J. U. nscner, nno« m 

Washinetion, D C. 20546. Phone: 202-453-2858. 


— VACUUM PLASMA SPRAY COATINGS & CHAMBERS TECHNOLOGY 
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MODIFIED SPACE SHUTTLE MAIN LANDING GEAR TIRE 


= 

Th. hid, ^ of tt. Sp.ca Shuttle ^.d « lth th. 

(KSC) result in excessive Shuttle mam-gear * " tire wear. Researchers at NASA s 

F *f i y (ALD r 10011 the aitemative Bppro#ch ° f modiryine the t,re to 

improve tread life and increase safety during Shuttle landing operations. 

The Space Shuttle’s landing speed is 200 knots. much more £™J™Te^ 

touchdown. However, steering adjustments during roll-out to c . allowable wear limit for Space Shuttle tires is 

the runway centerline cause the most jj^^M^Sni^th^huttie on the runway in a 15 knol 

the tread plus six cords. This wear limit sets the landing mwwmd j hnut j to a p pn)xim ately 2.5 million 

fSSSSSuXS £&« *K !>«««;•>» «»■»*«« 1 *— *»• Spin '“ p ,1 “ rin8 " md " v 

on the textured runway destroys about two-thirds of the tread depth. 

The current and modified tires differ oidy 1,1 )”!?** Badr^e^odffi^tfre’^^ the tread was 

rubber (0.1 inches of groove and 0.1 inches of undertread) ^e mod.fi^e s uMewea landing conditions. 

Si. ^ «. ofth * — »• - ™ 

allows the tread to absorb more energy during the critical roll-out. 

Th. ctimiit Shuttle tit. e™ut.M «-»-«« « ‘ ide 

energy is sufficient to destroy six cords. With the new tread. than 300 percent. The 

i> “1*^ “ • ■ 1,4 

energy. 

As a result of the marked improvement in t r ea OT^! 4 ^^hidlf^ e €^^^^TCi^ule^for , ^ l d-1992. C T^e development began in 

ilff£S£ »*• «*•*' “** T,TOI " 

S Hertz. NASA Headquarters. Code RS, Washington. D. C. 20546. Phone: 202-453-2865. 


SPACE SHUTTLE LANDING GEAR TECHNOLOGY 
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ORBITER EXPERIMENTS 

AEROTHERMODYNAMIC DESIGN TOOL VALIDATION 


Thp Orhiter Exoeriments (OEX) Program has enabled use of the Shuttle Orbiter as an entry Sight 
SearJh 5BT OEX extent Kare/instrumentation are uniqueln that they are installed 
integrally with the Orbiter structure, rather than simply "nding in the Orbiter Pfj y, “£^ y 88 tt 

be used for the design of the next generation of space transportation vehicles. 

The OEX Program experiment complement comprises multiple instn^nte.eachof wW^ obtrins 
data for. ingotogmoeamh. This experiment complement indudes m.t^enUwlud^prov. d e in 
situ measurements of the freestream flight environment and vehicle attitude throughout 
ofmninh«rip entrv ai Mi UTi vehicle dynamic motions (from orbital altitude to landing) 

““r “star* “ 

determine aerodynamic heating rates experienced by the vehide during entry. 

Ground-based experimental facilities cannot provide fully accurate dmitiatioM of ti» 
aero thermodynamic flight environment of an entry vehide. Consequently, f 

aerothermodynamic design of advanced space transportation vehidw demands v didation of 
state-of-the-art computational fluid dynamic techniques which will be applied m that design 
£S£u The data derived from the OEX complement of experimente represent . 

hypersonic flight data not available, heretofore, for a lifting entry vehide. These data are be g 
used in a continual process of validation of state-of-the-art methods for predicting the 
aerothemodynamic characteristics of advanced space transportation vehicles. 

Elements of OEX instrumentation first flew aboard the 

aerothermodynamic experimente were flown over a four flight penoddunng 1989-91. I he hnal 
night scheduled to carry OEX experiment hardware will occur in 1992. 

For further information, please contact: David Thr^kmor^ Center, 

Aerothermodynamics Branch, Hampton, Virginia, 23665. Phone.(804) 864-4406 


ORBITER EXPERIMENTS 

AEROTHERMODYNAMIC DESIGN TOOL VALIDATION 
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REAL TIME DATA SYSTEM (RTDS) 




By introducing gtate-of the art techniques in expert systems, software engineering, human/computer 
interfaces, and distributed systems, NASA is improving the quality of flight decision making and the cost 
effectiveness of Space Shuttle Mission Control Operations As manned ' B P ace “ a |^* B J?"®^ 
operations increase in frequency and complexity, greater demands are being placed on flight controllers to 
perform more problem solving tasks. The goal of the RTDS is to relegate the repetitive monotonous 
monitoring tasks in mission control to automated systems and free the flight controller to concentrate on the 
more challenging aspects of space flight such as schedule modifications and trouble shooting. 

Under the RTDS program, a number of real-time expert systems have been introdu^nto MiBmn Control 
Center (MCC) consoles at the Johnson Space Center. The pnnapa mission benefits ^m theRTDS 
applications are improved data monitoring and more thorough analysis of fault data in a shorter period or 
nVn. By supplying this capability, RTDS will provide much needed savings in manpower. 

RTDS has resulted in dramatic and new capabilities. For example, by a^iring real-time telemetry, RTDS 
enables an animated view of the position of the Space Shuttle s Remote Manipulator Jto if 

contro llers who monitor the RMS traditionally had to determine the position of the robot arm by observing 
digital readouts of the angles of each of the arms joints. A combination ofoffhne tools and mental 
gy mnas tics allowed operators to determine the arm’s position. This new capability not only lowere the flight 
controller's workload, but also allows the controller to visually monitor f ° r P"^ ntlal t f^ ,1 ®' on8 ? f the Sh . u “ 1 ® 
and payloads. During retrieval of the Long Duration Exposure Facility (LDEF) on STS-32 in January 1990, 
this system was used by the MCC to monitor RMS activity during a video loss of signal. 

RTDS also provides a Reaction Control Expert System that monitors the performance of the 38 attitude 
control jets on the shuttle via real time telemetry and determines the vaM attitude conteol modes based on 
the jet availability. This monitor diagnosed the loss of 3 thrusters on STS-31 in April, 1990 and concluded 
that there was no loss of control capability. The fiiture plan for RTDS is to upgrade most flight controller 
consoles at the MCC to give them a RTDS capability and to add a capability for coordinating between expert 
systems. 

RTDS has been developed over the last 4 years beginning in 1987 under the auspices of the OAST Civil Space 
Technology Initiative. For additional information, contact: Melvin Montemerlo, NASA Headquarters, Code 
RC, Washington, D.C. 20546. Phone - 202-453-2744. 


REAL TIME DATA SYSTEM- 


APPLICATION 

• INCO Systems Monitor 

• Main Engines 

• Tire Pressure Monitor 

. Jet-Control Expert System 

• OMS/TVC Monitor 


Sl&fWNC 



Wind Monitoring System 
RMS Position Monitor Display 
RMS Temperature Monitor 
DATACOM Expert System 
Fuel Cell Expert System 
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THERMAL PROTECTION SYSTEM 
FOR THE SPACE SHUTTLE 


^as^jS^ag^b^^g^'S^CS. ^a!?3^gilrgi;SS3KU. 

technological project ever undertaken by our wuntr^uring reBCues and ^pain, 0 f disabled 

MtdUto^BuA’wtlw^Sdlw^t^mwn'sateUite rescue in April, 1984. As we l^k to the coming century, the 
ShutUe vrilt play the key role in building and maintaining a permanent Space Station in-orbit. 

Thermal tile insulation its fiery 

bottom of the wings, and other heat-beanng wi^es of Uie & ^ ^ ^ twQ a ,; k £ mu8t t* installed on the 
reentry into the Earth satmosphere. * • ... to a ,: ng ca n e( j Reaction Cured Glass which covers 

developed a stronger insulation material tha P called Fibrous Refractory Composite Insulation 

also developed a new more dunUedMi wunds ln Sdkion^OAST working with a 
(FRCM2) that material for the Shuttle’s top surface called Advanced Flexible 

quickly that a white hot Ule can be taken from an oven and held in bare hands without iry ry 

SSi-ESSSSS* 

Eh^" Zt^llTcA Washington. D C. 20546 Phone - 202- 453-2859. 


— REUSABLE THERMAL PROTECTION MATERIALS 
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TECHNOLOGY CONTRIBUTIONS TO SPACE PLATFORMS 
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Nickel Hydrogen Battery Technology 
NASCAP Spacecraft Charging Model 
Long Duration Exposure Facility 
Life Support Technologies 
Multipropellant Resistojet 
Large Area Solar Cells 
Arcjet Thruster 
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BATTERY TECHNOLOGY (SPACE STATION FREEDOM) 



The nickel-hydrogen , battery design i has resulted ^^vances incap abihi’ Uesof this technology are 

technology developed over the last 50 years, -The dramat^ad^ar^.^ PJ^ During period8 of 

opening a whole range of possibilities for both , , , goacecra ft Recently, breakthroughs have 

darkness, rechargeable pressure vessel nickel-hydrogen battery 

been achieved in the low-Earth-orbit (LE ) qr - - . gtate-of-the art cells. Ground test cells 

cells. The cycle life was improved by more than a f W o^ ^ for 40,000 stressful accelerated 

S3Sf5£ 5 K? 'd^ptofTsSSe (80%). Cells containing 31 percent KOH had previously achieved 
only 3500 cydes. 

The significance of .hi. MM 

now rely on a greater than 5 year life span nickel -hydrogen batteries provide the capability of 

enable reduction. in the mnee devoted to batteries and 

increases in payload capability. 

Tins program ia base, on e dose ttth tbeSpomE^anFVmdem power office on 

•» sign, ficnittlr enhance tbcSSF mission. In 


loins ts at the Lewis Hesearcn uenier are 
_.Sel hydrogen cell de*gn feature. nM 

A£* undergoing 

testing at Loral Corporation. 

As we look to the future, nickebhydrogen is forfolur T**' 

system. It is projected that nickel-hydrogen wi nnme ^t efforts at Lewis are aimed at increasing the 

Sr^tr */.£“Zd SfaSrid i”^d"g am. ef Urn niekd-hydreg.n 

battery Bystem. 

Washington, D.C., 20546. Phone: (202) 453-2856. 


advanced i 


BATTERY TECHNOLOGY 
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NASCAP SPACECRAFT CHARGING MODEL 


In the space environment, spacecraft materials undergo a variety of e^ctrodynamic ^havio^ space 

SHIS 

result in payload or instrument damage or in materials degradation in space. 

THp SPEAR-I flight experiment was conducted to demonstrate the feasibility of using gas release as a grounding 

to exposed surfaces in the ionosphere without causing electac discharge or breakdowns. The NASCAP predictions 
were in agreement with the measured values taken by SPEAR-I instruments. 

Use of NASCAP in modeling Space Station Freedom (SSF) identified a potential problem from deleterious high 
Ste^to the plasma. Thf Mgnitude of this voltage is high enough that the incoming positive ions inthe plasma 

Tre-So^reS^ 

solution to be devised - change ^floating potential by either increasing the ion collection or decreasing the 
electron collection. 

NASCAP was first initiated in 1975 mid funded mainly byOA^,^- "Sd 6 * 01 ^ 
Laboratory OAST continues to support improvements, along with the Office of Space r light, uetai e 
improv emen ts will be made in NASCAP for low-Earth orbit (LEO) applications. Furthermore, several models 
including NASCAP will be integrated into an analytical tool that can be used for design of spacecraft for these 
environments. 

For more information, please contact Gary Bennett, NASA Headquarters, Code RP. Washington. D.C. 20546. 
Phone: (202) 453-2856. 


NASCAP SPACECRAFT CHARGING MODEL 
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ARCJET THRUSTER 
TECHNOLOGY 



A aigriificant part ef the reMffrch^^STi# Ih^ a< * Va ” Ce< * 

vehicles and propulsion capabilities. Muc ononsored the development of an arcjet thruster for 

on AT&Ts Telstar 4 satellite series. 

Arcjet technology is of internet to the This 

currently available from state-of-the art chemicJ or rewetojet or to £ crea se payload, 

can be used to extend mission life by more P® . geosynchronous communications satellite can 

Switching to arcjet systems for north-Muth sUUo^^p ^on a ge« yn Telstar 4 satellite, the arcjefs 

have been required for a conventional station keeping system. 


iinvc — 

The arcjet systemconsisteofateruster, a dKuvnmtor. ^es'tiSStei^S^ in «SwSte2f Uy 

ionized gas ants the rocket nonle at , avatems developed by Rocket Research Company of 

consumption rate) of about 600 seconds. 


consumption rate; oi anoui ow 

*— 

Lewi, reeeetehere .re eleo investigating altellitee^Biwi high apecific 

arcjet technology. Exynples induifc low j» Ltellites^ For additional information please contact: Frank 


ARCJET 
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SPACE STATION LIFE SUPPORT TECHNOLOGIES 


c _ Station Freedom (SSF) will be a permanently manned apace station in low Garth orbit. Its misBion requirements 
systems are being deferred and less recycling will be used initially. 

However because future plana for SSF require increased air and water recycling, four technologies wdl be '" t * gral to 

of collected C02 in the Sabatier processor as described above does not furnish enough 02.) (4) Y B POT 

£SS£ hvHeni^ recovery unit am will -cover water from crow .bower, and commode flush 

operation for reuse as hygiene-grade, but not potable-grade water. 

gUgggi^SgipppppL. 

environmeiU tests in whichthe products* and water are being carefully analyzed for chemcaandmcrob, al 
constituents. Hie goal is to produce water and air which have the consistently high-grade quality needed for huma 
consumption. 

The validation and use of air and water recovery syatemB on the future SSF will lead to increased confidence and 
knowledge^ the ability of humans to live for extended periods of time in space. Furthermore. data and experience 

will guide the development of life support technologies for a future lunar and/or Mars misBion. 

For further information, please contact, Ms. Peggy Evanich. NASA Headquarters. Code RP, Washington. D.C. 20546. 
Phone: (202) 453-2857. 


SPACE STATION LIFE SUPPORT TECHNOLOGIES 
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MULTIPROPELLANT RESISTOJETS FOR SPACE STATION FREEDOM 


The Space Station Freedom (SSF) propulsion system : must provide re to which 

minimize propellant resupply requirements for SS exhausted through 

by long life and integration considerations. 

with a water/waste gas system . 

£ E£!£» > => £iK _ * — — * - — - 

has demonstrated 10,000 hours of operation. 

As we look to the future, water/waste gas resistojets could provide a key capability for “nunercial spare 
Ohio 44135 (M/S SPTD-1). Phone (216) 977-7543. 


SPACE STATION FREEDOM PROPULSION SYSTEM 
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materials design data 

FOR SPACE STATION FREEDOM 


the Space Station. 

LDEF has already directlyinfluenced SP a “ S ^°^f h e8 £^ r !SmTeK?dl^ a nT8pa« need8 

?e^ d A^ 

from the tendency of small. ^ v «‘°f SrhtbacTu^quTinforrnaUon a Jut the direction of 
protecting the structural •urfacebeneath. LUE¥*l*o brougntoa^ ^ for ^ gpBce station , 

SXittlrhSr ^Weld!S to aua^ptiwe arew ^save thousands orpounds of material - perhaps a 
shuttle Toad. That would represent a savings of considerable funds in launch cobIs alone. 

LDEF k .to dlwflta d^Xp 

radiation measurements obtained from P LDEF eives the first precise long-term measurements of 

meteoroids, will lead to significant savings in construction of the Space Station. 

sttaS5B^i5£rtaa=tt» 

years to come. 

Phone -(202) 453-2962. 


— SPACE FLIGHT ENVIRONMENTAL EFFECTS 
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